Both DHPS (dihydropteroate synthase) and DHFR (dihydrofolate reductase) play important physiological roles in the survivability of Mycobacterium tuberculosis (MTB). Sulfonamides are the potent drugs to monitor growth and proliferation of MTBs by inhibiting the activity of DHPS and DHFR which could explain the mechanism of action of these molecules. In this work, 102 heterocyclic sulfonamides (HSF) have been screened by discovery studio molecular docking programme to search the best suitable molecule for the treatment of MTBs. Lipinski's rule of five protocols is followed to screen drug likeness of these molecules and ADMET (absorption, distribution, metabolism, excretion and toxicity) filtration has been used to value their toxicity. Only fourteen molecules are found to obey the Lipinski's rule and able to cross the ADMET filter. A small difference between HOMO and LUMO energy signifies the electronic excitation energy which is essential to calculate molecular reactivity and stability of the best docked compound and easy activation of drug in the protein environment. Both 4-amino-N-(6-hydroxypyridin-2-yl)benzenesulfonamide (M1) and 4-amino-N-(9H-carbazol-2-yl)benzenesulfonamide (M2) show the best theoretical efficiency with DHPS and DHFR, respectively. These compounds are also found to bind to the adenine-thymine region of tuberculosis DNA.
Introduction
Dihydrofolate reductase (DHFR) is a significant drug target in anti-mycobacterial drugs design process. It integrates into the folate pathway by dihydropteroate synthase (DHPS) and dihydrofolate synthase (DHFS) to generate a hydroxyl dihydrofolate antimetabolite, which in turn inhibits DHFR enzymatic activity (Zheng et al. 2013; Minato et al. 2015) . Introduction of new drug with novel therapeutic application is a time consuming and costly process. It has to be also pass through many legal restrictions in the animal experiments before to be used in living body. However, the use of computational drug designing method as a predictive guideline towards the successful synthesis of drug in the experimental laboratories, has drastically simplified and changed the scenario in the pharmaceutical research landscape by optimizing the drug development process (Myers and Baker 2001) . Antibacterial drug discovery has been developed significantly during the last few years following the use of in silico models (Chung et al. 2013) . Tuberculosis (TB) caused by pathogenic bacteria Mycobacterium tuberculosis (MTB), is an infectious and lethal disease. It is one of the top three infectious killing diseases in the world (Sandhu 2011) . Despite discovery of several new drugs for curing TB, unfortunately, millions of patients are still suffering from this disease world-wide and lost their life. So, there is an urgent need for development of new drugs to treat tuberculosis in a better manner by avoiding the present lengthy and complex treatment process and resolving the problems of drug resistance and persistence (Sacchettini et al. 2008) . Action of antibiotics to control the proliferation of microbes is a complex path. They interfere in the cell wall synthesis, cell permeability and also hinder the 4 Page 2 of 17 synthesis of DNA and protein (Fig. 1) . Sulfonamides are class of antibiotics which inhibit the synthesis of folic acid by competing with p-aminobenzoic acid (PABA) (Winum et al. 2005) . The hypersensitivity of sulfa drugs may be due to partial oxidation of aromatic-NH 2 group of sulfonamides by cytochrome-P450 to hydroxylamine and/or nitroso derivative. These toxicity and drug resistance of sulfonamides have initiated world wide effort to search for new generation drugs (Summan and Cribb 2002) . Sulfonamides show potent anti-microbial activity and recent literature reports that they are active against MTB (Freilich et al. 1939) . Sulfamethoxazole (sulfonamide)-trimethoprim (diaminopyrimidine) (co-trimoxazole) has been used as a potential medicine to treat drug-resistant TB. Co-trimoxazole has been found to be surprisingly active against drug-resistant MTBs, not only in vitro but also in vivo (Palomino and Martin 2016) . This report has motivated us to consider sulfonamides for their anti-mycobacterial activity.
In this work, in silico techniques are used to compare the drug-like activity of some substituted sulfonamides containing five and six-member heterocyclic ring with O-/N-/S-hetero atoms (heterocyclic sulfonamides, HSF) to predict future drugs for TB treatment. Using in silico approach, HSFs have been screened to search the binding affinity of HSFs with DHPS and DHFR receptors, following Lipinski's rule of five filtrations, for their drug-like efficiency with both DHPS and DHFR, taken from a large chemical library of small molecules (Lipinski et al. 2001) . Out of 102 HSFs only fourteen compounds exhibit docking score (binding affinity) higher than approved tuberculosis drugs, p-amino salicylic acid (PAS), sulfamethoxazole (SMX) and trimethoprim (TMP). These drugs (PAS, SMX and TMP) also interfere with the folate biosynthetic pathway (Rengarajan et al. 2004; Masters et al. 2003) .
In this work, the molecular orbitals are used to calculate the electronic configuration, molecular reactivity and stability of the compounds, which are obtained through 
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the density functional theory (DFT) computational process (Rozhenko 2014) . ADMET filtration has been applied to check the toxicity of the compounds (Hou and Wang 2008) . Out of 102 HSFs only two compounds, 4-amino-N-(6-hydroxypyridin-2-yl) benzenesulfonamide (M1) and 4-amino-N-(9H-carbazol-2-yl) benzenesulfonamide (M2) exhibit docking score higher than approved tuberculosis drugs, p-amino salicylic acid (PAS) and sulfamethoxazole (SMX). They also cross the ADMET and Lipinski's rule of five filter and has been found to bind to adenine-thymine region of tuberculosis DNA.
Methods and materials
Sequence alignment analysis
Sequence alignment method has been used to identify the functional similarity between two or more sequences of amino acids by simultaneously aligning the sequences. The process is called multiple-sequence alignment (MSA) and important for finding the functionality of proteins and evolution history of the species.
The DHFR enzymes found in human body have different functions from that of MTBs. Using target validation protocol HSFs have been validated as potential drug and not harmful to human health (Wyss et al. 2003) . To identify the homology and relationship between human-DHFR and MTB-DHFR, sequence comparison was performed using multiple sequence alignment in Clustal omega (Sievers et al. 2011 ). DHPS does not exist in human body, so there is no risk of drug interaction.
High throughput virtual screening (HTVS)
Structure-based drug discovery is a useful rapid and economic procedure and has been recognized to be more effective than the conventional wet lab drug discovery scheme (Lionta et al. 2014; Pradhan et al. 2016) . High throughput virtual screening (HTVS) is a methodology for drug discovery that has become widely used tool for structure-based drug discovery. It is basically a procedure of screening of large number of drug like molecules against selected and specific drug targets. HTVS are used for screening of various types of libraries, including combinatorial chemistry, genomics, protein and peptide. It involves docking of drug-like molecule (ligand) into a protein target followed by applying a scoring function to estimate the likelihood that the ligand will bind to the protein with high affinity (Szymański et al. 2012) .
Discovery studio (DS) uses CDOCKER as a docking tool which is an application of a CHARMm based docking tool using a rigid receptor (Wu et al. 2003) . It is used to calculate quantitative data to compare the relative performance and accuracy of various grid-based approximations using allatom force field calculations. The protein is rigid while the ligands are treated as fully flexible and a final minimization step is used to refine the docked poses. The results are statistically indistinguishable from the detailed atomic dockings and provide up to a six-fold reduction in computation time (Wu et al. 2003) .
In discovery studio, the output (.sd) file of docked ligand is used. In addition to the structural information, each record includes the CDOCKER score (negative value, i.e., -CDOCKER_ENERGY), where a higher value indicates a more favorable binding. This enables the energy to be used like a score. This score includes internal ligand strain energy, receptor (target enzyme)-ligand interaction energy, and is used to sort the poses of each input ligand. On comparing the CDOCKER energies, drug-like molecules are selected for further processing (Wu et al. 2003) .
The crystallographic co-ordinates for DHPS (PDB ID: 1EYE) and DHFR (PDB ID: 4KM2) have been retrieved from the protein data bank (PDB). Before docking procedure, protein structures are prepared by using protein preparation wizard of DS 4. Following which loops are built up, protonation has been done by adding hydrogen atoms to the crystal structures and CHARMm force field has been applied. Finally, receptor cavity (active site of protein) has been obtained from the PDB files using DS 4.
Reference drugs approved by FDA (Food and Drug Administration), sulfamethoxazole (DB01015), trimethoprim (DB00440) and p-amino salicylic acid (DB00233) are obtained from drug bank database (Wishart et al. 2008) . All HSFs are drawn using Accelrys draw software. All 3D coordinates and change of ionization are obtained from ligand preparation wizard of DS 4 software.
Drug likeness
'Drug likeness', a qualitative attributes of chemicals assigned, is widely used in the early stages of the selected lead molecule and drug discovery. Its theoretical progress is assumed to be Lipinski's 'rule of five' (Lipinski et al. 2001) .
ADMET properties
ADMET is a high throughput in silico screening method which has been widely accepted in the early stage of the drug design process (Cheng et al. 2012) . It can predict any toxicity and undesired effect of drug in human body. High quality ADMET annotated data points for unique compounds have been carefully curated from a large number of diverse literatures and quantitative structure-activity relationship (QSAR) models (Cheng et al. 2012) . In this work, a comparative study has been made between approved TB 4 Page 4 of 17 drugs and HSFs. QSAR model and the prediction accuracy were given by various models like, naive Bayes classifier, classification and regression tree, random forest, support vector machine and k nearest neighbor (Cheng et al. 2012) . This relationship determination usually achieved by comparing the results given by two major components of the approach: objects clustering and activity prediction (Hou and Wang 2008) .
Quantum chemistry calculation
Electronic structure (molecular orbital) and the effect of substituent of drug-like molecules have significant role in the drug efficiency (Rozhenko 2014) . A molecular function can be used to calculate chemical and physical properties. The difference of the energies of the HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) termed as the band gap, may use to compute the molecular reactivity, strength and stability of the complexes (Zhan et al. 2003) .
In the present study, DFT computation has been carried out by Gaussian 09W software (windows platform with 8 GB RAM computer containing Intel I 5 processor) (Frisch et al. 2009 ). Gaussian calculation setup has been done in Gaussian 09 panel using Becke's three-parameter exchange potential and Lee-Yang-Parr correlation functional (B3LYP) theory with basis set 6-31G (Becke 1993; Gill et al. 1992; Stephens et al. 1994) . Afterward, surface (molecular orbital, density, potential) and electrostatic potential charges (EPS) are used to calculate the HOMO and LUMO of the compound.
Drug-DNA interaction
Understanding of interaction between drug molecules and DNA has become an active research area at the interface of chemistry, molecular biology and medicine (Sirajuddin et al. 2013) . To find the binding pattern of HSFs with MTBs DNA (PDB ID: 3PVP), the docking method is used. Transcription and replication, vital to cell survival and proliferation are affected by the interaction of exogenous agents like drug and the DNA function could be artificially modulated. Drug-DNA docking has been done by Autodock vina (Trott and Olson 2010) .
Results and discussion
Sequence alignment analysis
The sequence alignment analysis has been carried out by Clustal omega and the result is depicted in Table 1 DHFR. Clustal omega has shown 100% similarity between 3NXX and 2DHF, which is also a Homo sapiens DHFR. But, with other sequences which are of MTBs DHFR, the sequence similarities are less than 30%. Similarity between human and MTBs DHFR is less than 30%, there is no functional similarity between human and MTBs DHFR. Similarities between these two DHFRs are shown in Table 1 . Correctly identifying and aligning of these sequences, has developed an idea of biological evolution. Sequence alignment analysis makes sure that the drugs do not harm biological activities of human health because there are no evolutionary and functional similarities between human and MTBs DHFR.
Docking and bond analysis
The specific binding of a ligand (drug) to a drug target molecule is the key to drug action. Each ligand binds favourably to a specific site on the surface of the target molecule.
Identification of the ligand-binding site for each specific protein molecule is crucially important when trying to find a suitable drug molecule for the target, and it is also important to understand the function of the protein (Soga et al. 2007 ).
Interactions within 4 Å have been taken into consideration for both protein and DNA docking (Walker et al. 1953) . The docking analysis scores and bonds are discussed below (Table 2) . Additional data are given in Online Resource 1 (Table S1 ).
M1 and DHPS
M1 is docked in the active site of DHPS of MTB. It forms eight hydrogen bonds with amino acids of the DHPS within range distance of 1.90-2.82 Å (Table 3 , Fig. 3 ). The hydrogen bond forming amino acids are asparagine (ASN13), aspartic acid (ASP17), lysine (Lys213) and arginine (Arg 253). It also forms an electrostatic bond (3.55 Å) with arginine (Arg253). The CDOCKER energy is − 43.88 a.u. 
PAS and DHPS
PAS is docked in the active site of DHPS MTB. It forms five hydrogen bonds with amino acids of the DHPS within range distance of 1.79-2.51 Å (Table 3 , Fig. 4 ). The hydrogen bond forming amino acids are asparagine (Asn105), lysine (Lys213) and arginine (Arg253). It also forms an electrostatic bond (3.21 Å) with arginine (Arg253). The CDOCKER energy is − 23.04 a.u. The common surrounding amino acids of the PAS and M2 are marked in bold Table 3 .
Sulfamethoxazole and DHPS
Sulfamethoxazole is docked in the active site of DHPS MTB. It forms six hydrogen bonds with amino acids of the DHPS within range distance of 1.75-3.08 Å (Table 3 , Fig. 5 ). The hydrogen bond forming amino acids are aspartic acid (Asp17) lysine (Lys213) and arginine (Arg253). It also forms an electrostatic bond (3.37 Å) with Methionine (MET130). The CDOCKER energy is − 20.47 a.u. 
M2 and DHFR
M2 is docked in the active site of DHFR MTB. It forms six hydrogen bonds with amino acids of the DHFR within range distance of 1.94-2.68 Å (Table 3 and Fig. 6 ). The hydrogen bond forming amino acids are glycine (GLY15), isoleucine (ILE14 and ILE94), and tyrosine (TYR100) and. The hydrophobic bond forming amino acid is alanine (ALA7). The CDOCKER energy is − 44.06 a.u.
Trimethoprim and DHFR
Trimethoprim is docked in the active site of DHFR MTB. It forms four hydrogen bonds with amino acids of the DHFR within range distance of 2.25-2.65 Å (Table 3 , Fig. 7 ). The hydrogen bond forming amino acids are isoleucine (ILE14), glycine (GLY18) and aspartic acid (ASP27). The CDOCKER energy is − 32.54 a.u.
ADMET property analysis
ADMET properties have been determined by in silico analysis by means of Caco-2 cell, BBB (blood-brain barrier), HIA (human intestinal absorption), p-glycoprotein substrate/ inhibitor, renal organic cation transporter, AMES toxicity and other parameters. ADMET data have been summarized in Online Resource 1 (Table S2 and Table S3 ). Most pharmaceutical drugs, and all oral ones, must necessarily cross at least one cell membrane to initiate their bio-medical activity (O'Hagan and Kell 2015). Drugs   Fig. 3 Comprehensive perception of DHPS and M1 after docking, a secondary structure of MTB DHPS represented by hydrophobic surface and M1 represented is by stick model and coloured according to elements, b DHPS is represented by ribbon and M1 is represented by stick, c 2D structure of M, and d interactions of M1 with DHPS amino acids. Bonds are in dots. M1 surrounding amino acids are in three letters code, represented in blue. For brevity explicit H-atoms are deleted in 2D structure which can penetrate the BBB are assigned +ve. This is crucial in pharmaceutical sphere, because central nervous system (CNS)-active compounds must pass across it and CNS-inactive compounds must not pass across it in order to avoid the CNS side effects (Shen et al. 2010) . Most of the drugs in data sets are BBB positive (Ajay et al. 1999) . Human intestinal absorption data are the sum of bioavailability and absorption (Zhao et al. 2001 ) of drugs which can penetrate the HIA and is assigned to +ve (Ajay et al. 1999) . Caucasian colon adenocarcinoma cell (Caco-2) lines are derived from a human colon carcinoma. They have been used as a model of the intestinal barrier because the cells have characteristics that resemble intestinal epithelial cells (van Breemen and Li 2005) . Drugs with good intestinal absorption were set to be positive samples (Ajay et al. 1999) . To predict the suitability drugs for oral dosing and to investigate drug efflux, Caco-2 permeability is used.
The p-glycoprotein is one of the drug transporters that determine the uptake, efflux and evacuation of drugs (Finch and Pillans 2014) . Drugs which induce or inhibit p-glycoprotein can interact with other drugs (Finch and Pillans 2014) . Non-substrate and non-inhibitor data for M2 and M1 signify that they will not interact with other drugs and will easily eliminate from cell. Organic cation transporters are responsible for drug absorption and disposition in the kidney, liver, intestine and indicate the renal excretion of drug (Zhang et al. 1998) . ADMET results of The human cytochromes P450 (CYP), particularly isoforms CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A4 have vital function in drug metabolism and clearance in the liver (Vasanthanathan et al. 2009 ). Inhibition of human CYP enzymes will lead to drug-drug interactions and failure of drug metabolism (Vasanthanathan et al. 2009 ). ADMET result shows M1 and M2 are noninhibitor of the cytochromes P450 (CYPs).
The hERG (human Ether-à-go-go-Related Gene) is a gene, sensitive to drug binding and shows the risk of cardiotoxicity (heart arrhythmia) produced by drug (Mitcheson 2008) . The hERG inhibition is a crucial regulation that must be avoided during drug development (Sanguinetti and Tristani-Firouzi 2006) . ADMET result shows both these drugs are weak inhibitor and non-inhibitor of hERG inhibition (predictor I and II) .
The Ames test is a widely employed method to test carcinogenicity and genotoxicity. More formally, it is a biological assay to evaluate the mutagenic potential of chemical compounds (Ames et al. 1972; Mortelmans and Zeiger 2000) . ADMET result shows that M1 and M2 are non-Ames toxic and non-carcinogenic.
Fish toxicity, honey bee toxicity and Tetrahymena pyriformis are the environmental risk assessments of the drug based on fish and Tetrahymena pyriformis as environmental indicators (Cheah et al. 2014) . In Tetrahymena pyriformis (a protozoa), evaluation of the cytotoxic effects of xenobiotics may be predicted by observing various parameters like growth rate, cell density, etc. (Sauvant et al. 1999) . From the results of in silico ADMET, it can be concluded that M1 and M2 may be absorbed by BBB, Caco-2 and human intestines. M1 and M2 will excrete safely without harming liver heart and kidney. Moreover, M1 and M2 do not display any acute toxicity and mutagenic effect in regard to the cellular and environmental toxicity. Through in silico approach we have proposed a less toxic drug than existing, which is a boosting to synthetic chemists. PAS, sulfamethoxazole and trimethoprim are not positive in all absorption section like M1 and M2.
Density functional theory analysis
All HSFs from the best binding pose have been transferred to Gauss view 5 and the difference in HOMO and LUMO energy is obtained. It indicates (Fig. 8 ) the electronic excitation energy necessary to compute the molecular reactivity and stability of the compounds (Rozhenko 2014; Zhan et al. 2003) . Details of DFT analysis are given in Table 4 .
Drug-DNA interaction
The drug (HSFs)-DNA interaction has been computationally examined by docking techniques and has been used to study the interactions between DNA and small molecules those are of potentially pharmaceutical interest. Drug-DNA interaction gives an idea about binding pattern of drug with DNA. HSFs (drug) docked with MTB DNA and has been used to understand the drug-DNA interaction. HSFs interact with AT-rich regions (represented by red and turquoise coloured rings, respectively) of DNA in the minor groove by forming hydrogen bonding and hydrophobic interactions. The amino group (-NH 2 ) of guanine prevents M1 ( Fig. 9 ; Table 5 ) and M2 ( Fig. 10 ; Table 5 ) from binding to the G-C base pairs by steric hindrance, thus conferring AT-selectivity on the drug molecule. Minor groove binding molecules are usually constructed a series of heterocyclic or aromatic hydrocarbon rings that possess rotational freedom. This allows that the molecules to fit into the minor groove, with displacement of water. These drugs can form hydrogen bonds to bases (Jin and Cowan 2014) .
Out of 102 HSFs fourteen derivatives have successfully passed Lipinski's and ADMET filters. They are (4-amino-N-(5-methyl-1H-pyrrol-2yl) benzenesulfonamide), (4-amino-N-(9H-carbazolyl) benzenesulfonamide), (4-amino-N-(1H-indol6yl)benzenesulfonamide), (4-amino-N-(2H-isoindol5yl) benzenesulfonamide), (4-amino-N-(3-hydroxy1Hindol5yl) benzenesulfonamide), (4-amino-N-(isobenzofuran-5-yl) benzenesulfonamide), (4-amino-N-(2H-chromen-7-yl)benzenesulfonamide), (4-amino-N-(4H-chromen-7-yl)benzenesulfonamide), (4-amino-N-(pyrazin-2-yl)benzenesulfonamide), (4-amino-N-(pyridazin-3-yl)benzenesulfonamide), (4-Amino-N-(pyridin-2-yl)benzenesulfonamide), (4-amino-N-(phenanthridin-9-yl) benzenesulfonamide), (4-amino-N-(6-hydroxypyridin-2-yl) benzenesulfonamide), and (4-amino-N-(pyrimidin-4-yl)benzenesulfonamide). Sulfonamide derivatives with good docking score such as, carbazole, isoindole, indoxyl, isobenzofuran, pyrrole and indole are the derivatives, those passed the Lipinski's and ADMET filters. Literature search of structure similarity has been done by simplified molecular-input line-entry system (SMILES) in Pubchem and ZINC database, and no exact similar structures 
Conclusion
Sulfonamides show potent anti-microbial activity and also active against MTBs in vivo. Molecular docking interaction of 102 sulfonamides with DHPS and DHFR proteins of MTBs show that two derivatives 4-amino-N-(6-hydroxypyridin-2-yl)benzenesulfonamide (M1) and 4-amino-N-(9H-carbazol-2-yl)benzenesulfonamide (M2) are potentially active and of low toxicity as per ADMET data. This results will encourage chemists to synthesize substituted sulfonamides for future drug demonstration.
